A Rapid and Sensitive Extractive Spectrophotometric Determination of Copper(II) in Pharmaceutical and
Benzildithiosemicarbazone (BDTSC) is proposed as a sensitive and selective analytical reagent for the extractive spectrophotometric determination of copper(II). BDTSC reacts with copper(II) in the pH range 1.0 -7.0 to form a yellowish complex. Beer's law is obeyed in the concentration range 0.5 -0.4 µg cm -3 . The yellowish Cu(II)-BDTSC complex in chloroform shows a maximum absorbance at 380 nm, with molar absorptivity and Sandell's sensitivity values of 1.63 × 10 4 dm 3 mol -1 cm -1 and 0.00389 µg cm -2 , respectively. A repetition of the method is checked by finding the relative standard deviation (RSD) (n = 10), which is 0.6%. The composition of the Cu(II)-BDTSC complex is established as 1:1 by slope analysis, molar ratio and Asmus' methods. An excellent linearity with a correlation coefficient value of 0.98 is obtained for the Cu(II)-BDTSC complex. The instability constant of the complex calculated from Edmond and Birnbaum's method is 7.70 × 10 -4 and that of Asmus' method is 7.66 × 10 -4 , at room temperature. The method is successfully employed for the determination copper(II) in pharmaceutical and environmental samples. The reliability of the method is assured by analyzing the standard alloys (BCS 5g, 10g, 19e, 78, 32a, 207 and 179) and by inter-comparison of experimental values, using an atomic absorption spectrometer. water containing a few drops of concentrated sulfuric acid. The solution is made up to one litre and standardized by iodometry. 19 This stock solution is further diluted, whenever necessary, with double distilled water.
Synthesis of benzildithiosemicarbazone
Benzildithiosemicarbazone (BDTSC) is synthesized, recrystallized and reported by Krishna et al. 20 To a refluxing mixture containing 50 cm 3 of methanolic benzil (0.420 g) and 50 cm 3 of aqueous thiosemicarbazide (0.365 g) solutions, 3 cm 3 of concentrated hydrochloric acid is added. The reaction mixture is kept on a hot water bath for about 30 min. A light yellow colored product is obtained; it is separated by filtration and dried.
The product is recrystallized from ethanol. Ascertaining the melting point and elemental analysis checked the purity of the reagent. A 0.1 mol dm -3 stock solution is prepared by dissolving 3.24 g of BDTSC in 40% aqueous diethylformamide.
Buffer solutions
Solutions of 1.0 mol dm -3 sodium acetate and 1.0 mol dm -3 acetic acid were prepared in double distilled water. Suitable portions of the solutions were mixed to get the desired pH.
Study area
Tirupati is one of the famous pilgrim towns in India and is widely known all over the world. Pollutants are mainly responsible for destroying the natural beauty of the holy town. Ultimately this rich pilgrim center was chosen as the study area. Several small and medium scale industries are situated in the suburban fringes of Tirupati. The samples are collected from different locations of the study area. All possible precautions are taken at various stages starting from sample containers, sample collection and storage, processing and analyzing the samples.
General procedure
Different aliquots of 10.0 cm 3 solutions, each containing 3.0 cm 3 
Results and Discussion
Copper(II) reacts with benzildithiosemicarbazone to form a yellowish 1:1 complex in sodium acetate-acetic acid buffer of pH 4.0. This complex is extracted into chloroform; the organic extract shows a maximum absorption at 380 nm. The formation of the complex and its extraction into chloroform is instantaneous. The complex is stable for more than 48 h. The conditions for effective extraction are improved by studying the effect of various factors such as pH, reagent concentration, choice of solvent and salting-out agent, in order to develop a sensitive and rapid extractive spectrophotometric method for the determination of copper(II).
Absorption spectra
The absorption spectrum of the Cu(II)-BDTSC complex is recorded against the reagent blank. Similarly, the absorption spectrum of the reagent is recorded against the solvent as blank. The absorption spectra of both the reagent and the complex are shown in Fig 1. The spectra obtained reveal that the Cu(II)-BDTSC complex and the reagent have maximum absorbances at 380 nm and 320 nm, respectively. The reagent has a minimum absorbance at the maximum absorbance of the complex and hence does not interfere with the determination of copper. Thus, further absorbance measurements of the complex are made at 380 nm.
Effect of pH
The influence of pH on the Cu(II)-BDTSC complex is studied to find out the optimum pH range for copper determination. The extraction of Cu(II) with BDTSC (1.57 × 10 -3 mol dm -3 ) into chloroform is investigated in the pH range 1.0 -7.0 (Fig. 2) . The extraction of metal ion into the organic phase increases as the pH increases from 1.0 and remains constant in the pH range of 3.5 -4.5. However, it decreases from 5.0. Hence, sodium acetate-acetic acid buffer is used for further studies, considering 4.0 as optimum pH.
Effect of solvents
The extraction of Cu(II)-BDTSC complex into various organic solvents is studied. The percentages of extraction of copper(II) as its complex in each of the following solvents are 1-amylalcohol (50%), isoamylalcohol (55%), 1-butanol (65%), benzene (35%), carbontetrachloride (35%), chloroform (98%), chlorobenzene (38%), cyclohexane (19%), cyclohexanol (40%), methyl isobutyl ketone (25%), nitrobenzene (30%) and 1-propyl acetate (45%). Among all the solvents tested, chloroform is found to extract the complex most effectively.
Hence, chloroform is chosen for further investigations.
Effect of reagent concentration
The effect of reagent concentration is studied by keeping 1. 
Effect of salting-out agent
Various salting-out agents, such as magnesium sulfate, lithium nitrate, lithium sulfate, lithium chloride, ammonium chloride and ammonium sulfate, are considered to enhance the metal complex extraction into the organic phase, in a single step. 
Ringbom plot for Cu(II)-BDTSC complex
Ringbom's plot is the established standard adopted to know the optimum range of concentration for a system that obeys Beer's law. The plot is drawn between log C of Cu(II) and (1 -T) (where T is the transmittance). The plot has a sigmoid shape with a linear segment at intermediate absorbance values (0.4 -0.8) and concentration values (1.0 -3.5 µg cm -3 ). The slope of the Ringbom plot from Fig. 3 is 0.750. Hence, the ratio between the relative error in concentration and photometric error is 3.066, for a concentration of 0.03066, for one percent photometric error.
Precision and accuracy of the method
To assess the precision and accuracy of the method, determinations are carried out for a set of ten measurements of 1.5 µg cm -3 of copper(II), under optimum conditions. Calculations reveal that the standard deviation of the method is 0.00237 µg cm -3 , the relative standard deviation is 0.60% and the standard error is 0.00079. These values indicate that this method has the highest accuracy and precision.
Calculation of instability constant of Cu(II)-BDTSC complex
Edmonds and Birnbaum's method and Asmus' method are adopted to determine the instability constant of the Cu(II)-BDTSC complex. The absorbance values of the extracts obtained after shaking the solutions containing fixed volumes of copper(II) (1.574 × 10 -3 mol dm -3 ), buffer (pH 4.0) and 0.2 mol dm -3 magnesium sulfate, with different known volumes (0.5 -3.5 cm 3 of 1.57 × 10 -3 mol dm -3 ) reagent in chloroform are measured at 280 nm. The instability constant of Cu(II)-BDTSC complex is calculated and found to be 7.70 × 10 -4 at room temperature by Edmonds and Birnbaum's method. In Asmus' method, the instability constant of Cu(II)-BDTSC complex is calculated and found to be 7.66 × 10 -4 at room temperature, which is in perfect agreement with the value obtained by Edmonds and Birnbaum's method.
Composition of the Cu(II)-BDTSC complex
The (Fig. 4) forms a straight line with a slope of 1.00, indicating that the composition of the extracted species is 1:1. The composition of the complex is verified thoroughly by molar ratio and Asmus' methods.
Effect of diverse ions
Interference of a number of cations and anions is studied to estimate the absorbance of the Cu(II)-BDTSC complex. A change of absorbance of ±0.002 is taken as the tolerance limit for interference. Cations like Be(II), Mg(II), Mo(II), Mn(II) and Ti(IV) do not interfere, even when present up to hundred-fold excess. Al(III), Fe(II), U(VI), W(VI) and Zr(IV) do not have any effect when present up to a fifty-fold excess. Cr(VI) does not interfere up to ten fold excess, whereas Ag(I), Co(II), Ni(II), Pd(II), Pb(II) and Zn(II) interfere, even when present in trace amounts. Anions like ascorbate, bromide, chloride, citrate, fluoride, iodide and thiocyanate do not have any effect on the extraction of copper(II), even when present up to hundred-fold excess. In the presence of EDTA, thiosulfate and cyanide, extraction of copper(II) is not possible. 1.0 cm 3 of 2% citrate solution is employed as a masking agent for Ni(II) and Fe(III) up to 250 µg cm 3 . Zn(II), Pd(II) and Co(II) are masked by 2.0 cm 3 of 1% thiocyanate up to 250 µg cm 3 . When silver(I) is present, it is removed as silver chloride, prior to the extraction of copper(II).
Applications
The proposed spectrophotometric method will be of invaluable for the determination of copper(II) in pharmaceutical, environmental and standard alloy samples.
Determination of Cu(II) in pharmaceutical samples
Pharmaceutical samples like Haem-Up, Hemocare, Hemsi, Ironic, Ferosolate CM, Rediplex, Profeton, Pronit, Soyal and AO-7 are selected for the analysis of copper(II). All the above pharmaceutical samples are brought into solution by adopting the following procedure. The samples are treated separately with concentrated nitric acid on a hot-plate, at a low temperature, to avoid violent spurting. The residue of each sample is cooled and again 1:1 nitric acid is added. The temperature of the hot-plate is gradually increased to 300˚C. The residue obtained is dissolved in nitric acid (1:1) and is slowly heated for 2 h to procure a dry mass. Finally, the residue is dissolved in a minimum amount of double distilled water. The same solution is quantitatively transferred into a 500 cm 3 volumetric flask and then made up to the mark with double distilled water and analyzed for copper(II), by using the recommended general procedure. The results are checked with parallel determinations by direct atomic absorption spectrometry ( Table 2) .
Determination of Cu(II) in environmental samples
Environmental samples like industrial effluent samples are collected from industrial areas in and around Tirupati, A.P., India. One hundred cubic centimeters each of well-mixed acidpreserved samples are taken in separate beakers. To each solution, 5 cm 3 of concentrated nitric acid along with a few glass beads are added and the material is concentrated by heating. The clear solution is quantitatively transferred into a 50 cm 3 volumetric flask and then made up to the mark with double distilled water. The analysis of copper(II) is carried out by employing the recommended general procedure. These results are checked with parallel determinations by direct atomic absorption spectrometer. The values are presented in Table 3 .
Determination of Cu(II) in standard alloy samples
The proposed method is applied for the determination of copper(II) in standard alloys such as Brass (BCS 5g), H. T. Bronze (BCS 10g), Cupro-Nickel (BCS 7a), Aluminium Alloy (BCS 19e), Aluminium Bronze (BCS 32a) and Copper Base Alloys (BCS 207 and 179). About 0.1 g of each oven dried (110˚C) alloy sample is dissolved in 15 cm 3 of aqua regia. They are heated to near dryness and the nitrate is expelled from the residue, using 5 cm 3 of concentrated hydrochloric acid. Each residue is twice extracted into double distilled water and made up to 100 cm 3 , separately. Suitable volumes of these solutions are taken and, using the recommended general procedure, are analyzed for copper(II). The results are confirmed by direct atomic absorption spectrometry. The process is repeated four times with each sample, and the average value obtained is noted. They are presented in Table 4 .
Conclusions
The literature indicates that many thiosemicarbazones are used for the extractive spectrophotometric determination of copper(II), whereas the dithiosemicarbazones are not very much utilized.
In the present investigation, the authors are introducing a new reagent, benzildithiosemicarbazone (BDTSC), to the field of extractive spectrophotometric determination of copper(II). The molar absorptivity value of the complex (1.63 × 10 4 dm 3 mol -1 cm -1 ) reveals that the reagent is more sensitive for copper(II) than earlier reagents. A number of associated elements do not interfere with its determination. The selectivity of the reagent is also improved by a judicial use of masking agents to suppress the interference of some metal ions, like Ni(II), Fe(III), Zn(II), Pd(II) and Ag(I). This method has greater potentiality for the successful determination of copper(II) in pharmaceutical, environmental and standard alloy samples.
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